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This invention »elaes o e'lecro-hydraulic er 
for ship steering, and lm6re: pai-iCuirly t6 ëër- 
ing agparatus adaPted ,0 :use ón sali 
such as, tug ,boats, tire ,.boats, and the lfl¢ë. 
It is an cbject of the present invention t0 ïör0- 
vide a power operated stéering gegr hîCh is 
responsive to the se Of a hnd opërated stëer- 
ing wheel in whlch'the sètïng of the hand hëel 
is translated into a prëcÏetermlnèd degree of i'ud- 
der displacemerït. 
ït is a ïurther object oJ this invenion o, pro- 
vide such an apparatus in the form of substan - 
tially prefabricatëd units coïnprïslng stëëing 
wheel and column assembiy, a Cëntrol box assem- 
b]y and a rare group assembly for actuaing thë 
ship's rudder stock, and t0 provide thèse .uhits 
in such, a form as o be .easily installed in a 
ship. 
I is another o'bject of hïs invention to Providè 
a power cperated steering gear which may be 
manually operated, trom the steering vhee] :Upon 
ship's power faflure. 
It is another object of, this inveniòn to pro- 
vide a steering gearïwhich Wïï] auomaticallyand 
instantaneously changë over from auomatic op- 
eration to manual operation, upon power failure. 
It is still another objetöt thïs invenion:to 
providea steering gear whïh,:w.iÏ :ïtomtïc£ly 
return from manual operaï0n, t01 power, opëra- 
tion upon recovery oï Ship»s power oniy when he' 
steering whee] nd the ,rudder are in matching 
position. 
 These and other objects of the invention wïil 
become apparent ïrom the ïsllowing descrïpion 
when read in conjuncion.,wih the accompanYing 
drawings, in which: 
Figure 1 is a diagramrnati lay:out o, the pres- 
ont electro-hydraulic ship's steering gear show- 
ing the steering,,wh,eel assembly, ,the control bo,x 
assembly and the rare group assembly 
Figure 2 ,is an enlarged showing, 'parly in 
section, of the hydraulic trnsfer valve shown:in 
the control box assembly of,Figure 1; 
Figure 3 is a sectionl view of,the clutch mem- 
ber, shown within the: controi box:: asemb!y :of 
Figure 1, taken onthe pane "mtïcated I ïe 
trace 3--3 shown in Figure 4; 
Figure 4 is an end view:ë'the c]utch ïnemer 
as indicated by -- in Figë 
Figure 5 is an,end view of thé cïUtch mm;ber 
as indicated oy -- 
Figure 6 is .an elevati0i,.pài'ti2 :in section, Of 
he differentihl control amB sh0wn. ïitiïn 
the control 0X Of Figure 1, as ViCëd fih::é 
steerin.g wheel input side; 
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Figure 7 I ï..plïm ié of tiïe differential con- 
trol dSembly thlëïi Off thë tï-aë  Sh6wn in 
Fire B; 
Fie 8   cibss-éotionl vi  thè teer- 
5 ing cola; 
Fige 9 iS a tpië oÏthe, stéCg colu 
showing ,the tëërin hi 5itibn indicatr; 
ad 
Figurë 1 iS ä eletHal agrm  te mOt0r 
10 stäer circflit. 
There is sho  té ï'ight hnd p5rtio 
Figuê 1, ehematic t5ï',.the stëerg Wheel 
and thé saffing, a didätëd generà11 y the 
numeral 2, for rfëi m0tidn from the 
15 steering heel rb the èbtbi,0X sebly hich 
is shownwitmn thè fhe . o the lef 
side of gure i, as dicëd gëfierlly bY the 
neral 6, .is the ' ouç asëzbly Which 
sexes as a hyae boï'  .athatë the hip's 
20 rudder stock , rëpoë to the flow 5ï hydau- 
lic d delivëëd thëretO fo tSë apDàrt in- 
cluded ïn the ,control 0k aebly. 
efeg to thë VarioUs figfiëS, théë i ShoWn 
the sps steerink. hëëi   ,#ch is SDpb:éd bY 
25 the shaft. 2 whiOh is oaabi 5ëd  te 
steering coiun : The seërî don 
vidëd with the .bse ,D0i5   and y be 
venienfly mod i 5hvêfii6nal 10aïbh on 
the ship. o rogatbly moLëd in the tëeï-ifig 
0 coln  is the vericaï, shaft s. MOtiOn of 
the hand wheeÏ . is OonVeyéd to the haft 
by ,mea o£ the shaft 2, the evëï}ëd gëar 
Which is keyed  the  shaft  hfid ,thé ,5ekëlled 
gear  whih is in mesh with tNe gear 8 and 
35 keyed to. the shaft , The shaf ,is couDled 
through the universal join 2, shaft 2: the bëv- 
elled gear assemi# shon, gehera]ly t 
additionai stably mountëd-shafti 8 0 the 
spur ,gear 3 witn e control ox 
40 so mounted o the shaft 2 is the w5r gèar 
3 Whïch is in mesh with,a mating géar 34 hich 
is ut ,in the lower porti0n O he mëbër , 
the upper ,portion ofthe membér 3 bêing in the 
form oï the ur ger ::which is in mesh with 
4 the seconay shown sfirgëar  hieh ïS ig- 
id!y mounted on the 1Wer éfid of he 
FTictionally moted-to the p efid: Of he 
shaft:2 y mea o£ e: friction nut  is the 
pointer 
0 Mounted ,bn the 0p/surace o he stdei-ïfig 
coiu is thë pi$ë  ïhic riê ,,hO 
pointêr S0p' êber 50 and 
marked th suitable graduatidn t0 ïfldi6të 
, : te stëèrig/hëel Dgiti0h. 
5 eïerï-ing to  urO 1 hee is sh0wii th con- 
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3 
rol box 4 Within this box are mounted the 
clutch assembly 54, a differential control as- 
sembly mounted within the housing 56, a vari- 
able and reversible stroke pump 58 which is 
controlled through linkage 66 by the differen- 
tial control assembly and is powered by the motor 
82 through the coupling 63, the fixed displace- 
ment hand steering pump 64, the hydraulic 
transfer valve 68, and shafting and hydraulic 
piping. This apparatus will be hereinafter de- 
scribed in detail. 
The control box, the side wall of which is 
indicated by the numeral 4, is an off tight box 
h.aving a mounting shelï intermediate of ifs depth 
on which the various above mentioned elements 
are mounted. The space within the box below 
the shelf serres as an off reservoir and as a 
sump to collect off leakage from any of the 
various hydraulic apparatus contained in the 
box. This control box may be provided with a 
lid which is bolted down through a gasket, 
and thus there is provided a completely enclosed 
assembly which may be prefabricated and 
mounted on a ship, with assurance that the 
various apparatus contained therein is com- 
pletely free from dust, moisture, and the like. 
The gear 3{} which is keyed to the end of the 
shaft 23 extending within the control box 
meshes with the gear ]6 which is keyed to one 
end of the shaft ]2. Mounted on the other end 
of the shaft ]2 is the clutch member 5. The 
clutch includes the member ]4 which is keyed fo 
the shaft ]2 and is retained in the housing ]. 
The member 74 carries the pressure disc 
which is urged against the pressure plate 8 by 
the force exerted by s!orings 82. The s!oring 
tension may be adjusted by means of the set 
screws 64 which are threaded into the member 
 and may be locked into position by the lock 
nuts 66. The spring force reaction is taken up 
against the friction ring 66 which is mounted 
under the ring 6, the ring 66 being mouted 
on the housing member ]8 by means of the screws 
92. The pins 94 are threaded into the pressure 
disc ]6 and slideably mounted in bores in the 
member ]4 thereby permitting the pressure disc 
to more laterally with respect fo the member 
] but serving to prevent rotation of the disc 
with respect to the member 
The housing ]8 is keyed to the shaft 93 and 
is provided with the pair of extending lugs 98, 
each of which mounts a set screw 66 which is 
locked into position by a lock nut 62. A stop 
member  64 is provided tobe engaged by the ends 
of the set screws 66 in order to limit the rota- 
tion of the housing ]8 of the clutch member to 
approximately 300 °. The stop member 64 is 
mounted in the control box, as shown in Figure 
1, below the clutch 54. The clutch member and 
the flxed stop act fo limit the rotation of the 
clutch housing ]8 and the shaft 6 fo a pïe- 
determined degree. Additional rotation of the 
steering gear after clutch housing bas rotated 
fo the limit as determined by the setting of 
either of the set screws 6} will merely cause 
the clutch to slip and will hOt cause additional 
rotation of the shaft $6. It is noted that the 
setting of the set screws 66 and the setting of 
the steering position indicator stops 56 is ad- 
justed so that the steering wheel position 
dicator pointer will contact one of the stops 
as the corresponding clutch set screw engages the 
clutch stop 
Mounted within the housing 56 is the differen- 
tial control and cam follower mechanism. En- 

4 
tering the housing $6 is the shaft 96 which is 
rotated to a limited degree by the rotation of 
the steering wheel as hereinbefore described. 
Also entering the housing 58 is the shaft 
5 which, as will be hereinafter described, is rotat- 
ed by motion of the rare group operating the 
rudder. Rotatably mounted on the shaft 9 is 
the cam 66 and rotatably mounted on the shaft 
f68 is the cam 6. The cams 68 and 6 are 
10 bolted in rigid relation with respect to each other 
by means of the rie bolts  2. ligidly mounted 
to the end of the shaft 8 is the spur gear 
and rigidly mounted to the end of the shaft 
is the spur gear   6. The spur gear   6 is mourir- 
15 ed on the shaft 26 which is rotatably mounted 
in the cams 66 and 6. The spur gear 
is mounted on the shaft 24 which is also rotat- 
ably mounted in the cams 66 and  {}. The gear 
16 is meshed with the gear 4, the gear 
20 is meshed with the gear 8 and the gears 
and 22 are meshed with each other. 
Mounted on the top of the housing 56 is the 
bracket 28 which supports the casing 26 which 
contains a conventional limit switch which is 
25 actuated by motion of the cam follower  36 which 
rides on the surface of the cam  6. The switch 
is so arranged that the contact is closed only 
when the cam is in the position shown in Fig- 
ure 6 with the cam follower seated in the recess 
30 3- on the surface of the cam  6. Mounted in 
the walls of the housing 58 are the retaining 
members 34 and 38. Contained within these 
members are the piston and guide rod members 
38 and 46, respectively. Each of these mem- 
35 bers mounts a cam follower, 2 and 44 re- 
" s!oectively, which is urged into engagement with 
the cam {}8 by means of the pressure of off 
which is admitted through the pipe lines 
and 46 into the chambers 56 and 2, respec- 
40 tively. 
Upon rotation of the cam 68, each of the 
cam ïollowers moves inwardly or outwardly de- 
pending upon the rotation of the direction of the 
cam and the off displaced by one enters the 
45 other. Motion of the cam follower 44 results 
in motion of the link 54 which is pivotally 
mounted on the bracket 8 which is attached 
to the housing 56. Motion of the link  54 results 
in motion of the link 66 which is connected to 
50 and controls the stroke and the direction of the 
output of the pump 56. 
Pump 56 is a conventional variable and re- 
versible radial piston type pump which is oper- 
ated on a closed system and includes a super- 
55 charger pump for supplying makeup fluid fo the 
pump, and also includes the various relief valves 
and check valves required for the hydraulic sys- 
rem. The pump is connected to a pair of main 
hydraulic pipe lines 56 and 86 which are con- 
60 nected to the hydraulic transfer valve 66. The 
pump 56 is also provided with an ourlet con- 
nected to the relatively low pressure pump super- 
charger To this ourlet is connected the pipe 
line 82 which is connected to the lines 48 and 
65 46 supplying pressure to the differential cam 
followers. Also connected to the line 82 is the 
line 64 supplying pressure to a holding piston 
in the hydraulic transfer valve. 
The hydraulic transfer valve is a conventional 
70 sliding piston type six-way valve having two 
positions and hareng pipe lines ]2 and ]4 con- 
nected to its ourlet ports. These pipe lines are 
connected to the cylinders  ]8 and  ]6, respec- 
tively, of the rare group, as will be hereinafter 
75 described. 



Also connected with the hydraulic transfe 
valve are the lines IS0 and 102 leadingfrom the 
pump 64 which isa flxed displacement pump 
arranged tobe in constant operation from the 
steering wheel by means of' the gear 104 which 
is mounted on the pump shaft 100 and which 
is in engagement with the gear 108 which is 
mounted on the shaft 20. 
The hydraulic transfer valve 06 includes the 
valve housing |6 within which is mounted the 
sliding valve piston |07 which controls the flow 
of off between the various ports of the valve. 
Mounted on the left hand end of the valve body, 
as viewed in Figure 2, is the valve piston control 
mechanism which includes the member :| 80 con- 
taining a central bore |60 within which is 
mounted the piston |70 which is monnted on the 
member |7| which is an extension oî the valve 
piston |87. Also mounted within the bore is the 
spring |73 which urges the piston |70 to ithe 
left hand end of the bore. ounted on the left 
end of the member |6 is the member |0 which 
contains the bore |2 within which is mounted 
the piston |. Off under pressure is admitted 
through the pipe line |04 and acts against the 
piston | $, moving the piston downwardly against 
the urging of the spring |0 until the lower end 
of the piston stem | engages the base oî the 
plug |98 at which rime the bored passage 200 
within the piston |04 is in alignment with the 
passage 202, and off is admitted against the head 
of the piston 170, the pressure of the off being 
suflïcient to counteract the force of .the spring 
13, thereby moving the piston |70 to the right, 
as viewed in Figure 2, causing the valve piston 
67 to also move fo the right for a distance 
limited by the engagement of the piston '| 70 with 
the stop sleeve 20. 
When the valve is in the position as shown, 
with no pressure existing in the line | 64, the lines 
|30 and |82 ïrom the hand operated pump 04 are 
connected to the lines |2 and |74. When pres- 
sure exists in the line |02 and the valve piston 
is moved to the right, the pipe lines |3 and |60 
from the motor driven pump '60 are connected 
to the pipe lines |72 and |74, respectively, and 
the lines |3f] and |$2 from the hand driven pump 
are shor circuited on themselves through the 
valve. 
Peferring to the ram group, shown generally 
by the numeral 0 in Figure 1, the cylinders |70 
and |70 contain and mount the steering gear 
rare 28. This rare is forced back and forth 
between the cylinders by a differential in the 
hydraulic pressures as created in the cylinders 
by the operation of the pump 0. Rotatably 
mounted within the enlarged central portion 20 
of the rare 21 is the pin 2|0 which carries on 
its upper and lower ends the square bushing 
blocks 2 | . ligidly mounted on the rudder stock 
2|4 are the upper and lower crossheads 2|6 which 
respectively engage the upper and lower bushing 
blocks 22. Also mounted on the enlarged por- 
tion 2fl8 of the rare is the block 2 |0 which slides 
on the guide rod 20 as the rare moves back and 
forth and which mounts the rack gear 220. In 
engagement with the rack gear 220 is the pinlon 
gear 22 which is mounted on the end of the 
shaft | . 
The operation of the steering mechanism may 
now be d»scribed. With the motor 02 energized, 
the pump 8 rotating, the steering wheel in .a 
zero position with the steering wheel indicator 
in a zero position, as shown in Figure 9, and the 
rudder in a zero or straight forward position, the 

cams in 'the differential control assembly will be 
in the position shown in Figure 6. With the vari- 
ous elements of the apparatus in these positions 
the pump control lever 60 will be in a neutral 
5 position, and the pump 0 will hot discharge fluid 
under pressure to either of the pipe lines' |0 or 
|00. Supercharger pressure wfll, however, be 
existent in the pipe line |02. Thus pressure will 
exist on the cam follower piston members | 
10 and |40, thus holding the cam followers in en- 
gagement with the cam |00, and imposing on the 
cam a balanced load position. Supercharge pres- 
sure will also be holding the hydraulic transfer 
valve piston in the right hand position as viewed 
15 in Figure 2, at which rime the pipe lines | 8 and 
|00 are connected to the pipe lines |74 and |72, 
respectively. 
If the helmsman rotates the steering wheel fo 
the left, the shafting 24, 20, 72 .and 96 will be fo- 
20 tated through the various gear connections and 
through the clutch 4 as previously described, 
and the gear || 4 in the differential control as- 
sembly wfll be rotated clockwise as viewed in 
Figure 6. lotation of this gear in clockwise di- 
25 rection will cause rotation of the gear ||S in 
counterclockwise direction and the gear |22 in 
clockwise direction which wil], in turn, cause 
clockwise rotation of the cam members | and 
||0 mounting these gears. This rotation of the 
30 cams must occur because the shaft |00 which 
mounts the gear || does hot rotate unless the 
rudder is changing position. The resulting clock- 
wise rotation of the cam |03 îorces the cam fol- 
lower |4} to more outwardly, displacing the lever 
35 |4 and the arm $0. This motion of the arm 0 
moves the pump control arm in such a direction 
as to cause the pump to direct fluid under pres- 
sure int0 line 0 :which is connëcted through 
the valve $ azad the line |72'to the rare cylinder 
40 |7. This pressure in the ram cylinder |75 
causes the ram 2S0 to move toward the cylinder 
|73 and to carry with.it the crossheads |4 caus- 
ing the rudder stock to rotate and thereby more 
the rudder to a left rudder position. 
45 As fluid under pressure enters cylinder |7, 
. fluid must simultaneously leave the cylinder 73 
and pass back through the pipe line |74, valve 6 
and pipe line |3 fo reach the pump . 
When the ram 2}8 is moved downwar,dly, as 
{f0 viewed in Figure 1, the rack gear 220 also moves 
downwardly and rotates the spur gear 222', caus- 
ing the shaft |08 to rotate. This rotation of the 
shaft |06 rotates the gear | |8 in a counterclock- 
wise direction as viewed in Figure 6, causing the 
gear |22 to rotate clockwise and the gear ||8 to 
5 rotate counterclockwise, and causing the cams 
||0 and |03 to rotate counterclockwise because 
the shaft 90 is at this rime stationary. 
It will be apparent that as the rudder moves 
to a position corresponding to the amount of mo- 
60 
tion of the steering wheel, or stated otherwise, 
as the gear  |6 moves a distance equal to but in 
an opposite direction from the motion of the gear 
||4, the cams |06 and ||0 will return to their 
i5 zero position as shown in Figure 6. With the 
cams in this position the cam îollower |40 which 
is he]d in engagement with the cam |03 by off 
pressure in chamber |2 will be returned to its 
neutral position .and will actuate the lever |4 
70 and the control rod 80 to restore the pump con- 
trol to its neutral position, whereupon the pump 
will be restored to its neutral or idle position and 
no further differential in pressure will be applied 
.across the ram. In similar fashion, any displace- 
75 ment of the hand steering wheel |0 within the 
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limits of-the stroke.of the cam |08, as is indl- 
cated by the positions of the stops on the steer- 
ing wheel indicator and .controlled by the setting 
of the set screws 100 of the clutch assembly, will 
give fise fo a corresponding displacement of the 
rudder. 
In the event of ship's power failure, operation 
of the motor 62 and the pump 58 will terminate 
and supercharger pump pressure in the line 54 
will drop fo zero, whereupon the spring 173 of 
the hydraulic transfer valve will carry the valve 
piston assembly fo the left hand position in Fig- 
ure 2 in which position the pipe lines 158 and 160 
from the pump 58 are short circuited on them- 
selves, and the pipe lines 18{} and 182 from the 
hand steering pump 64 will be connected fo the 
pipe lines 72 and 174 and fo the rare cylinders 
176 and 176, respectively. 
When the steering gear is operating under 
 power control, approximately four turns of the 
hand wheel will produce full rudder displace- 
ment, whereas, when steering under hand pow- 
er, approximately ten fo thirty turns of the hand 
wheel are required fo produce maximum rudder 
displacement. While these figures are approxi- 
mate and vary for the particular steering system 
involved, they will serve by way of example to 
make it apparent that when steering under hand 
power, after four turns of the steering wheel, 
the pointer 45 of the hand wheel indicato which 
is mounted on a steering column will engage one 
of the stops, and simultaneously, the correspond- 
ing clutch set screw 106 will engage the clutch 
stop member 104. The remaining number of 
turns of the hand wheel which are required fo 
accomplish the desired rudder displacement must 
then be ruade with the clutch 54 and with the 
pointer 46 slipping on their respective shafts. 
Continued operation under conditions or no pow- 
er require mere]y that the helmsman rotate 
the steering wheel in either direction sufliciently 
so as to pump manually the necessary amount of 
oil. fo move the ram 206 in either direction fo 
the necessary degree to accomplish the necessary 
rudder displacement. It should be noted, how- 
ever, that under these conditions the shaft 95 
and the cams 108 and I1{} never rotate in ex- 
cess of their normal operating rotation. 
vVhile the steering is being accomplished un- 
der hand power during a period of ship's power 
failure, the return of ship's power will hot cause 
an immediate return of automatic powered steer- 
ing. In Figure 10 there is shown the wiring 
diagram of the electrical circuit controlling the 
motor 02. There are shown in Figure 10 the 
main power lines 225 which are connected fo 
the motor 62 through the contacts 226 of a con- 
ventional motor starter. The coil 23{} of the 
motor starter receives power from two of the 
power lines 226 only when af least one of the 
contacts 2.32 or 234 are closed. Contact 232 is 
an auxiliary contact on the motor starter which 
serves fo seal in the motor starter cofl after the 
coi! has been energized. Contact 234 is the In- 
terlock contact provided by the limit switch 
which is mounted within the housing 126 and 
which is in closed position only when the cam 110 
is in the position shown in Figure 6 with the 
limit switch cam follower 13{} seated in the de- 
pression 32 in the surface of the cam 110. Thus 
it will be apparent that the motor 62 cannot be 
started unless the differential control cams 1{}8 
and I I 6 are in the neutral position. However, 
once the coil 23{} is energized and the motor 
starting switch contacts 226 are closed, the aux- 

8 
fliary contact 232 is also closed, and thereafter, 
opening or closing of the limit switch 234 wfll not 
affect the operation of the motor 62. 
Under these conditions of motor restarting 
5 after power failure, power control can be re- 
stered only wher the rudder position and the 
position of the shaft 96 are such that the differ- 
ential control cam assemb]y is in a zero position, 
and therefore, power is not' restored except at 
10 such rime as the control of pump 58 is in a neu- 
tral position. These conditions of restarting in- 
variably result in a restoration of power af such 
rime when the rudder position and the steering 
wheel indicator pointer position are incidental. 
15 The desirability of this restarting feature will 
be readly appreciated when if ls considered what 
disasterous results would occur if, upon restora- 
tion of the ship's power, the rudder shotfld sud- 
denly be thrown hard over one way or the other. 
20 If should also be noted upon restoration of the. 
ship'spower that the supercharger pump wfll 
create a pressure in the pipe lines 146, 148 and 
164 belote any main pressure can be generated 
by the pump 58. Thus, as the pump 58 cornes 
25 up fo speed, the cam followers 138 and 140 are 
immediately thrust against the cam 108 and 
is assured that the pump stroke control is in a 
neutral position before any output pressure can 
be created in the pump. If is simflarly noted 
30 that the valve 66 is immediately thrown over fo 
pressure operating position belote there is any 
output from the pump 8. 
This invention provides a simple and practical 
electro-hydraulic ship's steering gear which may 
35 be, fo a large extent, prefabricated, and which 
may be mounted on the ship with a minimum 
difficulty such as usually arises ïrom the neces- 
sity of accurately mounting and aligning com- 
plex apparatus. There is a reasonable tolerance 
40 avai]able between mounting of the rare and the 
rare cylinder assembly and the ship's rudder 
stock. The control box assembly may be placed 
in any convenient location on a ship and con- 
nected fo the ram group cylinders by suitable 
45 hydraulic lines. The steering wheel and column 
assembly may be conveniently mounted on a ship 
and connected fo the control box by means of 
shafting which carries only relatively light loads 
and which rotates af relatively low speeds. 
The apparatus further provides, as bas been 
50 
previously described, instantaneous automatic 
change over from power operated steering to 
manual]y powered steering upon loss of ship's 
power. The apparatus further requires that 
there be proper alignment between the positions 
55 
of the steering wheel and the power input control 
units belote the main electric motor can be 
energized after a power failure and when such 
alignment occurs, the motor Is automatically 
60 started. This automatic control eliminates the 
need for manual conversion efforts on the part 
of the helmsman, such as shifting of clutch levers 
or manipulating pins or valves and the like. 
If will be apparent that various modhïcaions 
65 may be ruade in the embodiment of the invention 
as disclosed herein without departing from the 
scope of the invention as set forth in the follow- 
ing claims. 
What is claimed is: 
70 1. In an electro-hydraulic steering device a 
fiuid motor, a reversible discharge pump operably 
associated with said fiuid motor, adjusting means 
associated with said pump for controlling the 
discharge of the pump, and means responsive fo 
75 both manual control and operation of said fiuid 
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motor for actuating said adjusting means, said 
actuating means including  differential gear 
assembly, a cam actuated by said gear assembly, 
a  pair of cam followers, and means holding said 
cam followers against said cam in substantially 5 
balanced opposition by substantially equal and 
constant forces, one of said followers being op- 
erably connected to said adjusting means. 
2. In an electro-hydraulic steering device a 
fluid motor, a reversible discharge pump oper--10 
ably associated with said fluid motor, adjusting 
means associated with said pump for controlling 
the discharge of the pump, a manually operated 
steering control, and means responsive fo both 
said manual control and operation of said fluid i5 
motor for actuating said adjusting means, said 
actuating means includin'g a differentiat gear 
assembly, a cam actuated by said gear assembly, 
apair of cam followers, and means holding said 
cam followeis against said cam insubstantially 20 
balanced opposition by substantialty equal and 
constant forces, one er said followers being op- 
erably connected to said adjusting means. 
3. In an electro-hydraulic steering device a 
fluid motor, a reversible discharge pump opela- 25 
tively associated with said fluid motor, a driving 
motor for said pump,, adjusting means associated 
with said pump for controlting the discharge of 
the pump and providing ata neutral position a 
zero pump output, means responsive to both 30 
manual control and operation of said fluid motor 
for actuating said adjusting means, and means 
responsive to the position of said actuating 
means for starting the pump driving motor only 
when the pump adjusting means is in the neutral 35 
position. 
. In an eiectro-hydraulic steering device a 
fluid motor, a fluid control valve, a power driven 
pump having a reversible discharge and a con- 
stant pressure discharge, a manually driven 40 
pump, the reversible discharge of said power 
driven pump and the discharge of said manually 
driven pump being selectively operably connected 
to said fluid motor through said cöntrol valve, 
means actuated by the constant pressure dis- 45 
charge of said power driven pump to .position 
said valve to operably connect the variable dis- 
charge output of the power driven pump to said 
fluid motor, and means positioning said valve to 
operabty connect the manuatly driven pump to 50 
said fluid motor upon failure of said power 
driven pump constant pressure discharge. 
5. In an electro-hydraulic steering device a 
fluid .motor, a fluid control valve, a power driven 
pump having a.reversible discharge and a con- 55 
stant pressure discharge, a manually driven flxed 
displacement pump.; te-reversible discharge of 
said power driven pump: and the discharge of 
said manually driven pump being selectively op- 
erabty connected to said fluid motor through said 60 
control valve, means actuated by the constant 
pressure discharge-of said-power driven pump fo 
position said valve to oDerabty connect the vari- 
able discharge output of the power driven pump 
to said fluid motor, s, nd means positioning said 65 
valve to operably connect the manually driven 
pump to said fluid motor upon failure of said 
power driven pump constant pçessure discharge, 
said manually driven punp being short-circuited 
upon itself through said valve, whèn said valve 70 
is a.ctuated by said constant pressure discharge. 
6. In an electro-hydraulic steering device a 
fluid motor, a power driven pump having a re- 
versible discharge for operative association with 
said fluid motor andalso having a constant pres- 75 

0 
sure: discharge, a manually opm, ated steering 
conrot, adjusting means associated with said 
pump for controlling the reversible- discharge of 
the pump a.nd providing at a.neutral , position a 
zero output of the reversible discharge actuating 
means responsive to both operation of said man 
ually operated steering control and operation Of 
said fluid motor for actuating said adjusting 
means, a pump manually driven by operation of 
said steering control, the reversible: discharge of 
said power driven pump and the discharge of said 
manually driven pump being selectively operably 
connected to sai.d fluid motif t_hrough said con- 
trol valve, means actuated by the constant pres- 
sure discharge of said power driven pump to posi- 
tion said valve to operably connsct the variable 
discharge output Of the power driven pump to 
said fluid motor, and means positioning said 
valve to operably cormect the manually driven 
pump to said fluid motor upen failure of said 
power driven pump constant pressure discharge. 
7. In an e]ectro-hydraulic steering device a 
fluid motor, a power driven pump having a re- 
versible discharge for operative associatien with 
said fluid motor and also having a constant pres- 
sure discharge, a manually operated steering 
control, adjusting means associated with said 
pump for contrelling the reversible discharge of 
the pump and providing at a neutral position a 
zero output of the reversible discharge, actuating 
means responsive to both operation of said man- 
ually operated steering control and operation of 
said fluid motor for actuating said adjusting 
means, a fixed displacement pump manually 
driven by operation of said steering control, the 
reversible discharge of said power driven pump 
and the discharge of said manually driven pump 
being se]ectively operably cormected to said fluid 
motor through said control valve, means, actu- 
ated by the constant pressure disclarge of said 
power driven pump to position said valve to op- 
erably connect the variable discharge output of 
the power driven pump to said fluid motor, and 
means positioning said valve fO operably cormect 
the manually driven pump fo said fluid motor 
upon failure of said power driven pump constant 
p'essure discharge, said manually driven pump 
being short-circuited upon itself through said 
valve when said valve is actuated by said con- 
stant pressnre discharge. 
8. In an electro-hydraulic steering device a 
fluid motor, a power driven pump having a re- 
versible discharge for operative, association with 
said fluid motor, a manually operated, steering 
control, adjusting means associated with said 
pump for controlling the reversible discharge of 
the pump and providing at a neutral position a 
zero output of the reversible discharge, actuat- 
ing means responsive to both operation of said 
manually operated steering control and opera-. 
tion of said fluid motor for actuating said ad- 
justing means, clutch means limiting the .degree 
of motion of the input to said actuating means 
by said steering control, and means responsive to 
the position of said actuating means for starting 
the pump driving motor only when the pump ad- 
justing means is in the neutral position. 
9. In an electro-hydraulic steering device a 
fluid motor, a power driven pump having a re- 
versible discharge for operative association with 
said fluid motor and also having a constant pres- 
sure discharge, a manually operated steering con- 
trol, adjusting means associated with said pump 
for controlling the reversiie discharge of the 
pump and providing .at a eutral position: azero 
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output of the reversible discharge, actuating 
means responsive to both operation of said man- 
ually operated steering control and operation of 
said fluid motor for actuating said adjusting 
means, clutch means limiting the degree of mo- 
tion of the input to said actuating means by 
said steering control, a pump manually driven 
by operation of said steering control, the re- 
versible discharge of said power driven pump and 
the discharge of said manually driven pump 
being selectively operably cormected to said fluid 
motor through said control valve, means actu- 
ated by the constant pressure discharge of said 
power driven pump to position said valve to op- 
erably cormect the variable discharge output of 
the power driven pump to said fluid motor, and 
means positioning said valve to operably con- 
nect the manually driven pump to said fluid 
motor upon failure of said power driven pump 
constant pressure discharge. 
10. In an electro-hydraulic steering device a 
fluid motor, a power driven pump having a re- 
versible discharge for operative associätion with 
said fluid motor, a manually operated steering 
control, adjusting means associated with said 
pump for controlling the reversible discharge of 
the pump and providing ata neutral position 
a zero output of the reversible discharge, actu- 
ating means responsive to both operation of said 
manually operated steering control and opera- 
tion of said fluid motor for actuating said ad- 
justing means, clutch means limiting the degree 
of motion of the input to said actuating means 
by said steering control, means actuated by said 
manually operated steering control for indicat- 
ing the degree of motion of--the input to said 
actuating means, and means responsive to the 
position of said actuating means for starting the 
pump driving motor only when the purnp adjust- 
ing means is in the neutral position. 
11. In an electro-hydraulic steering device a 
pair of opposed hydraulic rares, said rams being 
adapted for driving cormection to a ship's rud- 
der, a power driven pump having a reversible 
discharge for operative association with said 
rams and also having a constant pressure dis- 
charge, a manually operated steering control, 
adjnsting means associated with said pump for 
controlling the reversible discharge of the pump 
and providing at a neutral position a zero out- 
put of the reversible discharge, actuating means 
responsive to both operation of said manually 
operated steering control and operation of said 
rares for actuating said adjusting means, said 
actuating means including a differential gear 
sembly, a cam actuated by said gear assembly 
and a cam follower actuated by said cam and 
actuating said adjusting means, clutch means 
Iimiting the degree of motion of the input to 
said actuating means by said steering control, a 
pump in constant connection with and manu- 
ally driven by operation of said steering control, 
the reversible discharge of said power driven 
pump and the discharge of said manually driven 
pump being selectively operably connected to said 
rams through said control valve, means actu- 
ated by the constant pressure discharge of said 
power driven pump to position said valve to op- 
erably connect the variable discharge output of 
the power driven pump to said fluid motor, and 
means positioning said valve to operably con- 
nect the. manually driven pump to said fluid mo- 
tor upon failure of said power driven pump con« 
stant pressure discharge. 
12. In an electro-hydraulic steering device a 
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pair of Opposed hydraulic rares, said rares being 
adapted for driving connection to a ship's rud- 
der, a power driven pump having a reversible dis- 
charge for operative association with said rams 
5 and also having a constant pressure discharge, 
a manually operated steering control, adjusting 
means associated with said pump for controlling 
the reversible discharge of the pump and pro- 
viding at a neutral position a zero output of 
10 the reversible discharge, actuating means re- 
sponsive to both operation of said manually op- 
erated steering control and operation of said 
rams for actuating said adjusting means, said 
actuating means including a differential gear 
15 assembly, a cam actuated by said gear assembly 
and a cam follower actuated by said cam and 
actuating said adjnsting means, clutch means 
limiting the degree of motion of the input to 
said actuating means by said steering control, a 
20 pump in constant cormection with and manually 
driven by operation of said steering control, the 
reversible discharge of satd power driven pump 
and the discharge of said manually driven pump 
being selectively operably connected to said rams 
2 through said control valve, means actuated by 
the constant pressure discharge of said power 
driven pump to position said valve to operably 
connect the variable discharge output of the 
power driven pump to said fluid motor, means 
30 positioning said valve to operably connect the 
manually driven pump to sid fluid motor upon 
failure of said power driven pump constant pres- 
sure discharge, and means responsive to the po- 
sition of said differential gear assembly for re- 
35 starting the pump driving motor only when the 
pump adjusting means is in a neutral position. 
13. In an electro-hydraulic steering device a 
pair of opposed hydraulic rares, said rams being 
adapted for driving cormection to a ship's rud- 
,40 der, a power driven pump having a reversible 
discharge for operative association with said 
rares and also having a constant pressure dis- 
charge, a manually operated steering control, 
adjusting means associated with said pump for 
45 controlling the reversible discharge of the pump 
and providing at a neutral position a zero output 
of the reversible discharge, actuating means re- 
sponsive to both operation of said manually oper- 
ated steering control and operation of said rams 
50 for actuating said adjusting means, said actuat- 
ing means including a differential gear assembly, 
a cam actuated by said gear assembly and a 
cam follower actuated by said cam and actuat- 
ing said adjnsting means, clutch means limiting 
55 the degree of motion of the input to said actuat- 
ing means by said steering control, a pump in 
constant connection with and manually driven 
by operation of said steering control, the revers- 
ible discharge of said power driven pump and 
60 the discharge of said manually driven pump be- 
ing selectively operably connected to said rares 
through said control valve, means actuated by 
the constant pressure discharge of said power 
driven pump to position said valve to operably 
65 connect the variable discharge output of the 
power driven pump to said fluid motor, means 
positioning said valve to operably connect the 
manually driven pump to said fluid motor upon 
failure of said power driven pump constant 
70 pressure discharge, and means responsive to the 
position of said differential gear assembly for 
restarting the pump driving motor only when the 
rare actuated rudder is in a position correspond- 
ing to the degree of input motion to said ac- 
75 tuating means through said clutch means and 
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the pump adjusting means is in a neutral po- 
sition. 
14. In an electro-hydraulic steering device a 
fluid motor, a reversible discharge pump oper- 
ably associated with said fluid motor, adjusting 
means associated with said pump Ïor control- 
ling the discharge oï the pump, and means re- 
sponsive fo both manual control and operation 
oï said fluid motor ïor actuating said adjust- 
ing means, said actuating means including a diï- 
ïerential gear assembly, a cam actuated by said 
gear assembly, a cam ïollower, and means contin- 
uously urging said cam ïollawer against said cam, 
said cam ïollower being operatively connected to 
said adjusting means and being the only means 
ïor operating said adjustin.g means. 
15. In an electro-hydraulic steering device a 
fluid motor, a power driven pump having a re- 
versible discharge ïor operative association with 
said fluid motor, a manually operated steering 
control, adjusting means associated with said 
pump ïor controlling the reversible discharge of 
the pump and providing ai a neutral position a 
zero output of the reversible discharge, actuat- 
ing means responsive to both operation of said 
manually operated steering control and opera- 
tion of said fluid motor ïor actuating said ad- 
justing means, and means including a clutch for 
limiting the maximum degree of motion of the 
input fo said actuating means by said steering 
control without similarly limiting the degree oï 
motion of said steering control. 
16. In an electro-hydraulic steering device a 
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fluid motor, a power driven pump having a re- 
versible discharge for operative association with 
said fluid motor, a manually operated steering 
control movable in either direction ïrom a heu- 
5 tral position, adjusting means associated with 
said pump for controlling the reversible dis- 
charge of the pump and providing ai a neutral 
position a zero output of the reversible dis- 
charge, actuating means responsive to both 
t0 operation of said manually operated steering 
control and operation of said fluid motor for 
actuating said adjusting means, means includ- 
ing a clutch for limiting the maximum degree 
of motion in either direction ïrom a neutral 
] 5 position of the input to said actuating means by 
said steering control without similarly ]imiting 
the degree of motion of said steering control, 
and means actuated by said manually operated 
steering control indicating the degree of motion 
20 of the input to said actuating means. 
HAIIY W. LINK. 
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